ABSTRACT
I. Introduction
The urban and the wider metropolitan areas of Bangladesh generate an average of 160 L/capita/day of greywater (Tamanna et al., 2011 ) all the year round. Greywater is usually defined as non-industrial wastewater generated from domestic processes, i.e., laundry, bathing and from the kitchen. In fact, any water from household use excluding the water used to flush toilets can be termed as greywater. It is a major fraction (75%) of domestic liquid waste which is generally less polluted than other types of wastewater (Eriksson et al., 2002) . Greywater production in the developed nations is estimated to be 60-70% (Casanova et al., 2001; Christova-Boal et al., 1996) of the average domestic water requirement (240-260 L/capita/day). In Bangladesh, greywater production is estimated to 147-172 L/capita/day (lpcd) as reported by Tamanna et al. (2011) . In almost all the cases, household greywater from the Bangladeshi households is released to the environment without any treatment. It ultimately finds its way through the municipal drains to a nearby water body. Farmers in the per-urban areas of Bangladesh often use this wastewater to irrigate their field (Ahmad & Goni, 2010) . Such use has been popular amongst the poor farming community during the last three decades.
In Bangladesh, Gazipur is amongst the most densely populated municipalities (BBS, 2015) producing huge amount of greywater. Farmers in the outskirts of Gazipur use this water for irrigation during the dry (Boro) season. Since irrigation water enjoys some relaxation regarding its quality (FAO, 2003; Trooien & Hills, 2007) , greywater irrigation can actually be a viable alternative to the traditional groundwater sources. Greywater irrigation can also ensure safe disposal (Thamsen, 2009 ) of poor quality water that is rich in nutrients. However, greywater irrigation must be done carefully so it does not jeopardize the potential crop yield and the human health. Although a rough guideline (Table 01 ) about greywater quality for irrigation exits (Oliver et al., 2014; Platzer et al., 2004) , it does not detail the requirements of specific crops and soil types. Therefore, a site specific investigation is always recommended so that the nutritional value of greywater as irrigation water can be quantified for different crops. Table 02 . Among these processes, alum coagulation appears to be the most feasible option for Bangladeshi farmers using the greywater. This is because, alum (Al2 (SO4)3 *14H2O) is readily available in the local market and farmers have access to it. The rate of use to treat particular water samples needs to be decided at the point of use, and hence is site specific. benefit of greywater in conjunction with the groundwater resources, this experiment was designed to assess the effect of greywater irrigation on the yield and yield-contributing characters of wheat (Triticum aestivum) and mungbean (Vigna radiate L.) grown on a clayey loam soil. This paper also reports the results regarding changes in the nutritional balance of the soil brought about by greywater irrigation.
II. Materials and Methods
This field experimental research was carried out in two consecutive years; at the same season; in the same field of Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Bangladesh during Winter/2012 and Winter/2013. The greywater was collected from the drainage system that runs nearly a kilometer within BSMRAU carrying the residential discharges to the far end of the university. Greywater samples were collected in triplicates from the canals for quality analysis. Water temperature, odor, total dissolved solid (TDS), total Alkalinity, total hardness and its color due to minerals and nitrogenous waste content ware observed as a measure of suspended matter. The concentration of common ions, i.e., Arsenic (As), Calcium (Ca), Chloride (C1), Iron (Fe), Magnesium (Mg), Nitrate Nitrogen (NO3-N), Nine (Zn), Potassium (K), Sodium (Na), were measured using ICP-MS (Vanhaecke, 2002; Voica et al., 2012) . Sodium Adsorption Ratio (SAR), Phosphate (PO4), Sulphate (SO4) concentrations of the greywater were also determined following the standard procedure (ASTM, 2010, 2012). The 5-day biochemical oxygen demand (BOD5), and the chemical oxygen demand (COD) of the greywater was also determined according to APHA (2005) . After establishing the water characteristics, the soil samples were also collected from the field both before and after the agronomic experiment. in order to evaluate the changes in their nutritional balance in terms of EC, P H , Ca, Mg, N, P, K, Na, Bo and Fe . The particle density of soil and moisture holding capacity were determined by gravimetric method in the laboratory.
Field Experiments: In order to quantify the effect of greywater irrigation on mungbean and wheat, two field experiments were carried out. The first agronomic experiment was focused on the production mungbean (BARI Mung-6) and the second on wheat (BARI Gom-26) subjected to different level of greywater irrigation treatments. Table 03 . Treatments used in the agronomic experiments with wheat and mung-bean T1 = Irrigation with good quality water (FAO, 2003) T4 = Irrigation using fresh water (25%) + raw wastewater (75%) T2 = Irrigation with raw wastewater T5 = Irrigation using fresh water (50%) + raw wastewater (50%) T3 = Irrigation using treated wastewater by Alum (Al2 SO4 *14H2O) T6 = Irrigation using fresh water (75%) + raw wastewater (25%)
The experiment was laid out with random blocks (4 m x 3 m) with 6 treatments (Table 03) replicated thrice. This design would produce a total of 18 plots in the experimental field. The water management was carefully designed based on field requirement allowing management allowed deficit (MAD) of the moisture level to a maximum of 65% of the available moisture content below the field capacity. The climatological parameter, especially day to day rainfall and evaporation form the nearby Class A evaporation pan was measured regularly to incorporate with the calculation of field water requirement. The pan factor for early, vegetative and late stages of the crops was taken from the standard values provided by the Food and Agriculture Organization (FAO) of the United Nations (UN). Usual management practices were followed throughout the growing season. Fertilizers were applied to the field according to doses recommended by the Bangladesh Agricultural Research Council (BARC, 2005) for mung-bean, i.e., Urea @45 kg/ha, TSP @100kg/ha and MP@60kg/ha, and for wheat, i.e., Urea @160 kg/ha, TSP@25 kg/ha and MP@ 30 kg/ha. was also a major concern. For this reason, the labors were supplied with gloves, masks and gumboots while working in the drains and also during application of water in the field.
III. Results and Discussion

Characterization of greywater
Greywater usually has variable qualities that depend on its source of origin (Khatun and Amin, 2011). However, the composite greywater in a particular area is said to have common characteristics although some reports have highlighted the presence of heavy metals in greywater. It is therefore important that before using greywater as a source of irrigation, the heavy metals should be looked for. This is particularly important in case of urban greywater reuse (Tamanna et al., 2011 ). The quality characteristics of the greywater used in the study has been shown in 
Effect of wastewater on production Mungbean
The effect of greywater on the production of mungbean was found to be significantly varying. Analysis of the morphological characters of mungbean revealed that the highest average plant height (44.17 cm) and straw production (2.79 t/ha) was obtained (Figure 01 ) for the freshwater treatment (T1) while, the lowest plant height (31.08 cm) and straw yield (2.61 t/ha) was obtained from the raw application of wastewater (T2 The pod lengths in mungbean ultimately translate into the total number of seeds to be obtained from a plant. In case of treatment T2 (100% greywater), the average pod length (8.68cm) came to be the lowest indicating a lower yield potential. Similar trend was also followed by the number of seeds obtained from each of the pods. Thousand grain weight, an important indication of yield, at 8% moisture content, was found to be the highest for the treatment T4 (25% fresh water +75% wastewater) which, in turn, reflected into the highest grain yield (1504 kg/ha). Moderate grain yield (1162 kg/ha) was obtained in case of irrigation with the treated water (T3) by alum. The results also showed that taller plants under freshwater irrigation provided moderate yields. On the other hand, a combination of fresh water and greywater provided higher yield of mungbean. This is indicative of the ability of greywater to provide for the critical nutritive requirements of the plants supplementing the regular supply from the soil. However, exclusive use of raw greywater as irrigation may not be beneficial for mungbean plants as can be seen from the lower yield potential of treatment T2 (1036 kg/ha) in Table 05 .
Wheat
Analysis of the morphological characters of wheat has been shown in Table 06 . The highest average plant height (94 cm) was obtained for the treatment T4 while, the lowest (81 cm) was obtained from the treatment T3. In case of treatment T4 which is the combined treatment of freshwater (25%) and greywater (75%), the average panicle length (9.8 cm) also came to be the highest indicating a higher yield potential. Almost similar trend was also followed by the number of seeds obtained from each of the panicles (Table 06 ). The thousand grain weight at 12% moisture content, was also found to be highest for the treatment T4 which produced the highest grain yield (1.85 t/ha). Lettered numbers are statistically significant at p =0.05 (analyzed using GENSTAT)
The performance of treated greywater (T3) was not in the moderate range as it produced 1.6 t/ha of wheat. It was observed that none of the freshwater treatment (T1) or the raw greywater treatment (T2) contributed to the highest yield. Therefore, in order to obtain higher yield of wheat, a mixture of raw greywater and fresh groundwater offers better economic advantages over freshwater or alumtreated water. Nonetheless, the alum-treated greywater might (T3) offer some health benefits (Casanova et al., 2001 ) to the farmers as some of the organics are removed by the coagulation process. Moreover, as can be seen from Table 06 , treated water may not jeopardize the economic return of crops.
Figure 02. Increasing yield of Wheat with the increase of greywater use in irrigation
In case of combined use of wastewater and fresh irrigation water, as the greywater concentration increased from treatment T6 to T4, the yield of wheat also increased steadily (Figure 02 ). Application of raw wastewater in the field (T2) was found satisfactory as it gave the second highest yield (1.73 t/ha). The overall results from greywater treatments on mungbean and wheat suggest that the alumtreated greywater can be a very fruitful alternative as it provides moderate yield in addition to health benefits (FAO, 2003) .
Effect on soil nutritional balance
For the purpose of irrigation scheduling, the apparent specific gravity (As) and the available moisture holding capacity of the newly developed soil was found to be 1.44, and 42.63 cm/m-depth of soil, respectively. With 20% sand, 41% silt and 39% clay content, it was identified to be a clayey loam soil (Minasny & McBratney, 2001 ). The soil was tested to find out any changes in the soil nutritional balance. The greywater experiment on mungbean was carried out in the first year (Year 1) followed by the experiment on wheat at the same season next year (Year 2). The soil data of Year 1 is the preliminary data obtained before the cultivation of mungbean. On the other hand, the data of Year 2 in Table 07 is the result of soil analysis after the harvest of wheat, i. e., Year 2 data shows the accumulative effect of greywater irrigation on the soil for two consecutive years. Considering the potential outcome of treatment T4 in the greywater experiments, the following Table 07 has been prepared from the analysis of the soil that received T4 only (75% greywater irrigation + 25% fresh groundwater).
The results showed that, soil was working as bio-filter as it reduced a large part of the greywater pollutions. However, such filtering increased salinity of the soil as the EC raised by almost 0.152 dS/m/year (Table 07 ) despite a rainy season between the two consecutive years. This means continuous greywater irrigation will inevitably increase the soil salinity unless heavy downpours can create runoffs large enough to leach out the excess salts. Several studies have shown that the salinity problem is agricultural soils are often connected with poor drainage systems (Kiremit & Arslan, 2016; Valipour, 2014) . Therefore, before introducing greywater irrigation in any area, the agricultural drainage system must be given a priority. The concentration of other nutrients (NPK) in soil was also found to have increased due to greywater irrigation. Similar phenomenon has been reported by several researchers (Mzini & Winter, 2015; Pandey et al., 2014) . The concentration of phosphorus, in particular, was found to have doubled in the soil during the greywater irrigation. Such buildup of P has been a significant concern for the environment. Turner et al. (2013) suggested that sustainable greywater reuse is possible however incorrect use can result in phosphorus impacting the environment. Therefore, crops that are efficient in P uptake should be cultivated with greywater irrigation. Moreover, as a protective measure, greywater can be diluted furthermore in order to lower the salt content (Mzini & Winter, 2015) .
Ca, Mg and Fe concentration of the soil also increased (Table 07) due to greywater irrigation. Fe concentration in particular increased by 2 ppm/year. However, such a general conclusion cannot be made in case of greywater irrigation. This is because it all depends on the type of soil and the crop's efficiency to remove nutrients from the media. Therefore, a site specific investigation with greywater and particular soil type is always recommended. Particular focus must also be given to the sodium content of soil as the greywater irrigated plots had significantly higher SAR values compared to the non-irrigated plots. This could be because of the type of soil (clayey loam) in this experiment. Nonetheless, it provided reasons for concern about possible reductions in soil hydraulic conductivity due to long term use of greywater. In such case salt leaching would become less effective and infiltration rate will be reduced. This study strongly recommends that future studies be directed into this area of apprehension.
IV. Conclusion
Greywater can be a viable and alternative source of irrigation water in Bangladesh. However, the apprehension of possible negative effects of greywater on the soil and the environment has not been addressed in the literature. This study reports the results of two separate agronomic experiments carried out to quantify the effects of greywater irrigation on the production of two popular winter crops in Bangladesh i.e., mungbean and wheat. The experimental findings highlighted the fact that raw use of greywater was not beneficial for mungbean. On the other hand, second highest yield of wheat was obtained from the raw greywater treatment. Nonetheless, the highest crop yield was found when greywater (75%) was diluted with freshwater (25%) in a combined use. The yield potential of the studied crops was found be increasing with the increase of greywater percentage in case of combined use. Crops irrigated with alum-treated greywater produced moderate yields, hence could be a cheap and effective choice for the farmers considering the health benefit that it offers. It was found that unregulated use of greywater resource could lead to salinity problems and reduction in hydraulic conductivity of the soil. In particular, greywater irrigation was shown to be leading a buildup of P in the soil which could pose a potential environmental risk. This study recommends that crops good at up taking phosphorus from the soil should be prioritized if grown under greywater condition. Further studies are, therefore, needed in this regard with different crops involving various soil types so as to quantify the effect of greywater irrigation in wider perspectives.
